We designed a 6 -week retrospective questionnaire on sunlight exposure. Estimation of the short -term exposure to sunlight is important for observational human studies concerning the effects of ultraviolet radiation ( UVR ) on the human immune system and related resistance to infections. This questionnaire was given to the parents of 1672 1 -year -old children in the Netherlands who participated in a birth cohort study. We evaluated the questionnaire and estimated the personal 6 -week cumulative exposure to solar UVR. Only 910 questionnaires ( 54.4% ) were filled out completely and consistently. This suggests that reporting data on children's outdoor exposure, even for the recent past, is often difficult. The data from these questionnaires indicated that the crude number of reported outdoor hours was enough to obtain a relative estimate of the individual exposure to ambient UVR, but that weighting for the effect of clothing was essential for the classification of the systemic UVR dosage received. Sunny weeks in the Netherlands in 1998, as were established by independent measurements of the levels of ambient UVR, vacations abroad, and sunburn, were associated with a comparatively high mean estimated exposure. These results support the suitability of the questionnaire for classifying the participants with respect to their short -term exposure to solar UVR.
Introduction
Investigators have often resorted to the use of questionnaires for examining the correlation between exposure to ambient ultraviolet radiation (UVR ) and diseases in human populations. For studies on skin cancer and cataracts, questionnaires were designed to give a relative estimate of the participants' cumulative exposure in the preceding decades (Bouwes Bavinck et al., 1993; Rosmini et al., 1994; Duncan et al., 1997 ). It appears from experimental studies (both animal and human ) that UVR has short -term and reversible suppressive effects on the immune system (Hersey et al., 1983; Goettsch et al., 1993 ) . Whether this UVR -induced immune modulation will lead to impaired resistance to infectious diseases in human populations is still an unresolved issue . As many infections have a high incidence in human populations and exposure to solar UVR is ubiquitous, the establishment of such an effect may be of importance for public health. Assessment of the short -term exposure to UVR and outcome variables that indicate immune suppression or impaired resistance to infections is crucial to obtain supporting evidence for the immune -modulating capacities of UVR in humans ( Termorshuizen et al., 1999 ) .
Various studies use personal dosimetry, such as UVRsensitive polysulfone film badges (PSB ), for assessment of short -term exposure to UVR ( Rosenthal et al., 1990; Herlihy et al., 1994; Diffey et al., 1996; Gies et al., 1998; Moise et al., 1999 ) . Personal dosimetry may yield a precise estimate of the encountered levels of ambient UVR. However, the required laboratory facilities, the difficulties with the logistics, and above all the dependence on the compliance of the participants to renew their badges every day during several weeks make it less suitable for largescale epidemiological studies. We assessed the exposure to solar UVR by means of a 6 -week retrospective questionnaire. This questionnaire was given to the parents of 1 -year-old children who participate in a birth cohort study on asthma, allergy, and respiratory tract infections in the Netherlands. We evaluated the ability of the parents to fill out this questionnaire and determined what kind of information was essential for classifying the children with respect to their short -term exposure to UVR. Furthermore, we investigated whether the reported data on outdoor exposure and weather conditions coincided with the levels of ambient UVR as were measured objectively and independently on a daily basis. In this way, we gain insight into the relevance and limitations of the use of this questionnaire for epidemiological studies on the short -term effects of UVR.
In the future, we will examine whether children with comparatively high estimated exposure to UVR have a greater risk of respiratory tract infection at the time of, or shortly after, exposure.
Methods
The Cohort Study and the Questionnaire on Sunlight Exposure In the cohort study, the children are followed from birth until the age of 8 years. At the time of each birthday, they receive a questionnaire on complaints indicating asthma, allergy, and respiratory tract infections and many possible determinants. This cohort study offers an excellent opportunity to examine the effects of UVR on infections in humans, as both the outcome and many possible confounding factors are recorded for a large group of humans recruited from the general population in the Netherlands.
A supplementary 6-week retrospective questionnaire on sunlight exposure was handed out to the participating children's parents (n = 1672 ) in the months April through September 1998 at the time of the child's first birthday. The parents were requested to report each child's daily number of outdoor hours in the daytime, clothing, and weather conditions during different periods within the six preceding weeks (see Appendix A ). The parents were asked to define these different periods on the basis of their experience of weather conditions in the Netherlands or vacations abroad ( e.g., two rainy weeks at home, three sunny weeks in Spain, and one sunny week at home again ). Clothing and weather conditions at the time of outdoor exposure were asked for in broad categories and for every self -defined period separately. Furthermore, a few questions about sunburn and protection (such as sunscreen and hats ) during the 6 weeks were added ( see Appendix B ).
Personal Exposure Assessment (See Appendix A ) An estimate of personal exposure to UVR was calculated on the basis of the reported data ( Termorshuizen et al., 1999 ) . The starting point was the number of reported outdoor hours. To adjust for the effect of latitude and season ( L&S ) on the UVR dose, all reported outdoor hours were weighted with factors reflecting differences in the ambient levels of UVR by L&S. These weighting factors were calculated on the basis of the daily cumulative biologically effective UVR (i.e., CIE -weighted ) doses received on a horizontal plane (Commission International de l'Eclairage, 1987 ) . These daily UVR doses were calculated for 58 latitude zones using an UVR transfer model (Slaper et al., 1994 ) . Daily values for the zonal mean total ozone column values for 1998, as well as a fixed set of atmospheric parameters, were used (TOMS/NASA: Total Ozone Monitoring System; data available by anonymous ftp at: toms.gsfc.nasa.gov ). For the calculation of weighting factors for L&S, the effect of clouds was disregarded. The corresponding weighting factors for L&S were applied to all reported outdoor hours. To do this, both the country of exposure (e.g., vacation in France ) and the dates of the self -defined periods were taken into account.
The clothing determines the extent of the skin area exposed and consequently the dose of UVR that may give a biological effect. We calculated weighting factors for the effect of clothing as reported (C ) on the basis of the percentage of skin area exposed per anatomical site (Pearl and Scott, 1986 ) . For example, when dressed in shorts and T-shirt, the head and neck, the forearms, the back of the hands, the upper arms, and the legs are exposed. These skin areas represent approximately 9%, 6%, 3%, 6%, and 30% of total body area, respectively. This yields a weighing factor of 54% (0.54 ). The other weighting factors for C were calculated likewise: 0.87 (nude or swimming trunks only ) and 0.12 (completely dressed ).
Next, all reported outdoor hours were weighted for the effect of weather conditions, as reported in the questionnaire (WCq). A cloudy sky may reduce the ambient UVR by as much as 80% (see Figure 2h) ( Borderwijk et al., 1995; Bodeker and McKenzie, 1996; Moise et al., 1999 ) . The weighting factors for the effect of weather conditions on the UVR dose were chosen by approximation at 1.0 ( bright sky ), 0.8 (mostly sunny, sometimes clouded ), 0.6 ( some- times sunny, sometimes cloudy and rainy ), 0.4 (mostly cloudy, sometimes sunny ), and 0.2 (clouded sky ). The weighting factors for L&S, C, and WCq were divided by the mean weighting factor applied for L&S, C, and WCq, respectively, to give a ''scaled weighting factor'', i.e., the mean weighting factor applied equals 1. In this way, we can compare the various estimates of exposure ( i.e., with and without the weighting factors ) on the same scale.
Influence of the Various Weighting Factors on the Range and the Ranking of the Participants
We studied whether introducing the weighting factors in the exposure assessment influenced the range of exposure estimates ( 5-95% quantiles ). Enlargement of the 5 -95% quantile indicates that the contrast in exposure estimates between the participants increases due to the introduction of the weighting factors in the calculation of the exposure. As ''scaled weighting factors'' were used in the analysis (see before ), this (possible ) enlargement is not caused by the ranges of the different weighting factors.
Furthermore, we evaluated the relevance of introducing the weighting factors for ranking the participating children's exposure to UVR. Correlations between the 6 -week cumulative number of outdoor hours as reported, on one hand, and the same number after weighting for the different effects (L&S, C, WCq ), on the other hand, were established. This was done by means of the Spearman correlation coefficient (SCC ).
Comparison of the Estimated Exposure in The Netherlands with the Estimated Exposure Abroad and with the Measured Levels of Ambient UVR
In this analysis, the data from the questionnaire, the weighting factors applied, and the estimated exposure were considered in the group level (n =910 ). The daily median number of reported outdoor hours, the daily mean weighting factors for L&S, C, and WCq, and the daily median number of weighted hours were calculated separately for days spent in the Netherlands and days spent abroad. In this way, we compared the median estimated exposure in the Netherlands with (a ) the median estimated exposure abroad, and (b ) the objectively measured levels of ambient UVR in the Netherlands in 1998. Daily cumulative biologically effective doses of ambient UVR were obtained by objective measurements. The levels of ambient UVR in the Nether- lands have been measured since 1994 at the Dutch National Institute of Public Health and the Environment (RIVM ) UVR monitoring site. The RIVM records spectrally resolved UVR received on a horizontal plane every 12 min from sunrise to sunset using a DILOR XY spectroradiometer. The ratio of the measured daily dose of UVR and a modelled clear sky value, which we refer to as the UVR ratio, indicates the weather conditions of that day and ranges from 1.0 (cloudless sky all day long ) to approximately 0.2 (clouded all day long ) ( Figure 2h ). Total ozone column data for the Netherlands were used in the model calculation to obtain the clear sky values. We focused on days or weeks with sunny weather conditions in the Netherlands in 1998, as indicated by a high UVR ratio, to check if these days were associated with a high daily median exposure in the Netherlands, as estimated on the basis of the questionnaires. We also checked whether the reported weather conditions during outdoor hours in the Netherlands coincided approximately with the observed course of the UVR ratio.
Correlation with Sunburn
We investigated whether the sunburned children's estimated exposure to sunlight was greater, on average, than that of children for whom no sunburn was reported. Furthermore, we tested whether the difference in estimated exposure between children with and without sunburn was influenced by the weighting factors applied. Differences were statistically tested by means of the nonparametric Wilcoxon test for continuous data. A two -sided P value of 0.05 or less was regarded as statistically significant.
Results
The Questionnaire on Sunlight Exposure Of the 1672 questionnaires handed out, 1529 (91.4%) were returned (Table 1 ) . In 503 cases (30.1% ), the parents were not able to define short periods within the 6 weeks, as the dates were missing or did not link up with each other. In 110 questionnaires ( 6.5% ), the parents were able to define short periods, but they did not answer one or more of the other questions on their child's outdoor exposure. The data from the remaining 910 questionnaires ( 54.4% ) were usable for exposure assessment and hence were included in the further analyses.
Personal Exposure Assessment
The frequency distribution of the 6-week cumulative number of outdoor hours weighted for L&S, C, and WCq is shown in Figure 1 . The majority of the participating children received an exposure of 120 weighted hours or less; a few received much more exposure, which yielded a nonnormal distribution, skewed to low values.
Influence of the Weighting Factors on the Range and the Ranking of the Participants
Introduction of the weighting factors for L&S, WCq, and especially C in the personal exposure assessment enlarged the range of the 6 -week cumulative estimates (Table 2A ) . Introduction of the weighting factors for L&S and WCq in the personal exposure assessment hardly altered the ranking of the participants with respect to their 6 -week cumulative exposure (SCC>0.90 ). On the contrary, introducing the weighting factors for C substantially modified this ranking as a lesser SCC ( < 0.90) was established (Table 2B ) . The median number of reported outdoor hours is shown by day and country of exposure in Figure 2a . A small number of the participants contribute to the extreme points of the graph. On average, 169 ( range: 1 -294 ) persons determined the median estimate of 1 day for exposure in the Netherlands and 10 ( range: 1 -39 ) for exposure abroad.
Days abroad were associated with a larger median number of outdoor hours than days spent in the Netherlands (Figure 2a) . Furthermore, outdoor hours abroad were generally associated with higher maximum levels of ambient UVR (Figure 2b ), less C (Figure 2c ) , and more favourable weather conditions ( Figure 2d ) . Hence, the contrast between the estimated exposure in the Netherlands and the estimated exposure abroad (Figure 2e The daily UVR ratio in 1998 in the Netherlands is shown in Figure 2h . For optical reasons only, a smoothing function was applied to these data, as the daily levels of ambient UVR are often very capricious. This smoothing function was not used in the statistical analyses, but enables assessment of periods of days to weeks with favourable weather conditions at first sight. Furthermore, comparison with the data from the questionnaire is facilitated, as these data were reported for longer periods of days to weeks.
Sunny weeks in May ( days 120 -150 ) and August (days 210 -240 ) in 1998 in the Netherlands ( Figure 2h ) were associated with a comparatively large daily median number of reported outdoor hours ( Figure 2a ). These sunny weeks were also associated with a greater daily mean weighting factor for C (Figure 2c ) and a greater daily mean weighting factor for WCq ( Figure 2d ). This means that the sunny weeks coincided with the reporting of less C and more favourable weather conditions.
As a consequence, these sunny weeks in the Netherlands were associated with a large daily median number of weighted outdoor hours ( Figure 2e -g ). The SCC between the measured weather conditions in the Netherlands ( Figure  2h , the ''UVR ratio'' data without smoothing ) and the daily median number of outdoor hours weighted for L&S, C, and WCq in the Netherlands (Figure 2g , line at the bottom ) was 0.34 (P=0.0001 ).
When using the daily levels of ambient UVR in the calculation of this SCC ( i.e., without dividing them by the daily modelled clear sky value ), the SCC increased to 0.718 (P=0.0001 ). For the calculation of these SCC, the extreme points of the graph were excluded because of the small number of contributing participants.
Correlation with Sunburn
Sunburn was reported for 80 children. For most of them, the parents reported slight sunburn ( n= 75 ) without peeling or blisters and sunburn only once during the six preceding weeks (n = 60). For a large percentage of these children, frequent use of sunscreen ( 80% ) and/ or other means of protection, such as a hat or shadow ( 83.7% ), was reported. These percentages were statistically significantly higher than those for the group of children for whom no sunburn was reported (58.2% and 68.6% ). Figure 3 shows that sunburned children, on average, received a higher exposure than children without sunburn, irrespective of the weighting factors applied. Introducing the weighting factors for L&S, C, and WCq in the exposure assessment made the difference in estimated exposure even more apparent. All differences were statistically significant.
Discussion
An estimate of personal exposure to UVR was calculated for a cohort of 1 -year-old children on the basis of the parents' data in a 6 -week retrospective and self -administered questionnaire. The starting point of the estimation was the number of reported outdoor hours. These hours were weighted for the effect of L&S, C, and WCq on the UVR dose received per hour.
The exposure assessment involved a number of sources of inaccuracy.
(1 ) It completely depended on the recall and reporting abilities of the parents, which possibly introduced bias (Moise et al., 1999 ) . Many parents did not manage to complete the questionnaire, although details such as the time of the day and kind of outdoor activity were not considered, and the number of outdoor hours, clothing, and weather conditions were asked for in broad categories only. Particularly, the definition of the different periods by weather conditions and /or vacations abroad was often too difficult ( Table 1) . The ability to complete the questionnaire appeared to be associated with a higher socio -economic status ( data not shown), which has to be taken into account when interpreting our results. Asking for the daily number of outdoor hours and C as an approximation for all 6 weeks at once may facilitate completing the questionnaire, thus increasing the number of usable questionnaires. However, such a simplified questionnaire will possibly yield a very imprecise estimate, as intraindividual differences in exposure due to vacations abroad and /or weather conditions cannot be taken into account by the participant when he /she fills out the questionnaire. Asking the participants to keep daily records may resolve this dilemma, but would increase the burden of participation. Keeping daily records was not feasible in the framework of the birth cohort study.
(2 ) We were able to weight for important environmental effects such as those of latitude, season, and weather conditions. However, other factors such as time of day, surface reflection, altitude, shade, and humidity were not considered . Furthermore, the calculation of the weighting factors for the effect of clothing and weather conditions was Short-term exposure to UVR in young children Termorshuizen et al.
based on a rough estimation. Clothing and weather conditions were asked for in broad categories, and the influence of these factors on the UVR dose that was received is hard to quantify exactly on the basis of selfreported data in a retrospective questionnaire.
To obtain a more precise estimate of the daily exposure to UVR, personal dosimetry is needed, as has been done in various studies using UVR -sensitive PSB (see Introduction ). Personal dosimetry with PSB is often performed with a small number of participants for only a short interval because close supervision or high compliance of the participants is required. This is often not enough to provide sufficient statistical power for an epidemiological study. Furthermore, questionnaires or diaries are still needed to determine what clothing was worn during outdoor hours, as clothing certainly affects the dose of UVR that may penetrate the skin to exert a systemic effect. We wonder whether the greater precision of personal dosimetry is required and whether it is not outweighed by the costs and increased burden of participation ( Brandberg et al., 1997 ) . A relative estimate for classifying the participants may be enough for an epidemiological study like ours. Diaries and personal dosimetry under close supervision should be used only when detailed information on outdoor behaviour is required ( Brandberg et al., 1997 ) .
It may be argued that personal dosimetry with PSB for a small sample of participants was required to establish the usefulness of the questionnaire. We doubt whether personal dosimetry with PSB is feasible in 1 -year-old children without close supervision. The PSB may get easily damaged or lost when attached to young children and hence will not yield a ''gold standard'' for validation of the questionnaire. We evaluated the usefulness of the questionnaire by considering the data on the group level. The data from the questionnaires that were filled out completely and consistently confirmed the following expectations.
( 1) The estimated exposure had a non -normal distribution that was skewed to low values (Figure 1 ). This result coincides with the described distributions in other reports ( Slaper et al., 1994; Gies et al., 1998 ) .
( 2) Both vacations abroad and periods with sunny weather conditions in the Netherlands in 1998 were associated with a comparatively high daily exposure as estimated on the basis of the questionnaire (Figure 2 ). This fulfills the expectation, as sunny weather encourages people to go outdoors in a rainy country such as the Netherlands, and a greater exposure to UVR will ensue. Good correlation between the level of ambient UVR and the mean level of UVR exposure as measured by personal dosimetry in a group of school children was also found in Queensland, Australia (Gies et al., 1998 ) . Although these results do not prove the validity of the individual exposure assessment, it supports the suitability of the questionnaire for ranking the participants with respect to their short -term exposure.
(3 ) Furthermore, we examined the association between the estimated 6 -week cumulative exposure and sunburn, which is known to be an important biological effect of UVR. The number of reported outdoor hours for sunburned children was greater on average than the number of reported outdoor hours for children without sunburn (Figure 3 ) . The difference in exposure became more apparent when the different weighting factors were included in the exposure assessment (Figure 3 ). This observation is as expected, as a large UVR dose per hour is needed to induce sunburn, and indicates that including the weighting factors improved the exposure assessment.
However, this approach of the relationship between exposure and sunburn was rather crude ( see Appendix B ). Our definition of sunburn was based on the experience and the reporting of the parents, which may imply an underestimation as erythema is probably often not regarded as sunburn or parents may not be willing to report a sunburn episode of their child. Furthermore, the daily exposure immediately prior to an episode of sunburn is more relevant than an estimate of the 6 -week cumulative exposure. Next, the association between exposure and sunburn is modified by the sensitivity of the child's skin to sunlight and the use of sunscreens and /or other means of protection. We did not include the ( available ) data on skin type in our exposure assessment as the effect of solar UVR on the immune system and the resistance to infections were our main interest. It has been shown that the mechanisms of UVRinduced erythema and immunosuppression are different, and that the sensitivity to the acute sunburn effects of UVR is not in a direct line with the sensitivity to the immunosuppressive effects of UVR (Garssen et al., 2000 ) .
For a comparatively great part of the sunburnt children, the use of sunscreens and/ or other means of protection were reported, indicating the tendency of the parents to avoid damage of their child's skin during intense exposure to solar UVR. The association between the child's skin phototype, outdoor behaviour, sunburn, and the tendency of the parents to protect their children against the sun is an important issue, especially for the risk of skin cancer in later life and possibly also for the risk of immunosuppression and the susceptibility to infections. This requires further studies on children's outdoor behaviour and the perceived health risks associated with exposure to solar UVR.
We examined the influence of the inclusion of the weighting factors in the exposure assessment on the range and the ranking of the participants' 6 -week cumulative exposure. Introducing the weighting factors for the effects of L&S, WCq, and especially C in the exposure assessment was associated with a broadening of the 5-95% quantile (Table 2A ) . This suggests that taking these effects into account would give a better picture of the participants' exposure. Weighting the reported outdoor hours for the effect of environmental factors (L&S and WCq ) on the UVR dose hardly altered the participants' exposure ranking ( Table 2B ). This observation suggests that a large number of reported outdoor hours were generally associated with sunny weather conditions during the weeks covered by the questionnaire and, as a consequence, a large UVR dose per outdoor hour. In contrast, a small number of reported outdoor hours were generally associated with cold weather, leading to a small UVR dose per outdoor hour. This is again in line with the general feeling that sunny weather encourages people to go outdoors. This result implies that, within a group of children that is homogeneous with respect to age, the crude number of outdoor hours may give a relative estimate that is valid for exposure to ambient UVR. However, taking the weighting factors for the effect of clothing into account modified the children's ranking considerably (Table 2B ). This finding implies that, besides the number of outdoor hours, data on clothing worn may be important for obtaining a valid classification with respect to the UVR dose that eventually gives a systemic effect.
We estimated the individual short -term UVR exposure in a selected group of 1 -year-old children by means of a retrospective questionnaire. As vacations abroad, sunny weeks in the Netherlands, and sunburn were associated with a high mean estimated exposure, the questionnaire was probably suited to determining someone's short -term exposure. However, validation studies, preferably in adults, are still needed to gain insight into the reliability of selfreported data on outdoor exposure at an individual level. Such studies will also be helpful to explore whether the questionnaire may be simplified, as was suggested by our results, in order to obtain a higher number of filled -out questionnaires usable for the estimation of the personal exposure. 
